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SURVEYOR GENERAL'S OFFICE 


PART I.—THE CAMERA. 


1. General Features of Copying Cameras. 


The evolution of the copying camera from the crude wooden box of the early 
days to the elaborate instrument now in general use is one of the many evidences of 
the progress of photography. Nowhere has photography proved more useful than in 
survey departments: apart from the printing of maps by the various processes of 
photo-hthography, photo-zineography and photo-engraving, the reductions, enlarge- 
ments and other copies of maps and plans required by surveyors for field use or by 
draughtsmen for compiling other maps and plans, are now prepared by photography 
instead of being made by hand as formerly. The copying camera is accordingly an 
important adjunct of every survey office. 

The land surveys of the Canadian Government now extend over some seven 
thousand townships, and the number is increasing every year. A plan of each town- 
ship is printed for the administration and for the public. Every time further surveys 
are made in a township, and this happens frequently, a new plan has to be printed. 
The necessity of providing, without too great an increase in the photographic staff 
and equipment, for the publication of such a large number of township plans, and 
of the other maps and plans issued by the Survey Department, has developed a 
copying camera presenting some peculiar features, a description of which may prove 
of interest. 

One of the first improvements in copying cameras was in the mode of suspen- 
sion. It was found that the vibrations caused by the machinery always present in 
business buildings, or even by the street traflic, affected the sharpness of the nega- 
tive; although the vibrations did not mar the appearance of a portrait, the quality 
of a line negative was seriously impaired. The vibrations were prevented at first by 
placing the camera and the board upon a cradle suspended by ropes from the ceiling. 
The board was fixed at one end and the camera moved to and fro upon rails on the 
cradle. The rope suspension is still in use, but is somewhat inconvenient; a better 
combination is to support the cradle by means of springs upon a stand, and this is 
the mode of suspension most frequently met with. So long as the camera is small, 
this suspension is convenient; the work of the process worker being, as a rule, of 
small size, this style fulfils his requirements. For the reproduction of maps, however. 
the conditions are different, because maps are frequently of large size. <A 
large camera, with a board in proportion, and a spring cradle on a stand, would be 
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very unwieldy indeed, and most inconvenient in use. Such a combination is seldom 
found in survey departments, the trouble from vibrations being usually overcome by 
setting up the camera in a place far away from traffic and machinery. No such 
place was available here; the photographie office was on the top floor of a building 
in which lithographic presses were running, and some mode of spring suspension was 
imperative. 

The solution adopted consists in suspending the cradle by springs from the 
ceiling, but instead of putting the camera and board on the cradle, they are placed 
underneath. 


2. Camera of the Surveyor General’s Office. 


The board is fixed at one end of the cradle: the lens and plate are on two 
separate carriages sliding on two pairs of V rails. The rails for the plate carriage 


Fic. 1—Camera fitted with short bellows for great reduction. 


are outside the cradle, those for the lens carriage are inside. The lens can he 
brought within ten inches of the plate (ig. 1). Bellows suspended by chains 


from runners under the cradle can be inserted to give any camera extension needed 


THE BOARD ne 


~= 


for enlarging (Fig. 2). Negatives for the offset lithographic press and for photo- 
graphic printing are made with the camera so fitted. For half-tone and line engray- 
ing, and for printing from stones, the lens hood of the lens carriage is removed and 
a reverse camera substituted (Fig. 3). 


Fig. 2—Camera fitted with long bellows for enlarging. 


The cradle is fourteen feet long and four feet wide. The first cradle of this 
pattern, although very strong, was subject to torsional vibrations; it was replaced by 
the present cradle, which is wider, deeper and strongly braced by iron rods with 
turnbuckles. Absolute rigidity of the cradle is essential. 

The swing of the whole apparatus, if suspended freely, would be inconvenient. 
It is limited by wooden arms bolted to the ceiling at both ends and extending inside 
of the cradle. Pieces of soft rubber, half an inch thick, are inserted between the 
arms and the eradle, thus limiting the swing without transmitting vibrations. 


3. The Board. 


Two uprights fixed at one extremity of the cradle are terminated at their lower 
ends by iron brackets upon which the weight of the board rests; it is attached to the 
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uprights by four adjusting screws. The surface of the board is tested with a straight 
edge; if warped, it can be straightened by means of crossbars and bolts acting upon 
About eighty per cent of the originals are of one particular size (town- 

these are placed on the board behind a glass plate held at the four 
The original is adjusted to correct position, after which 


the cleats. 
ship plans) ; 
corners by bolts and nuts. 


Fic. 3—Reverse Camera. 


the nuts are tightened. The insertion of the glass plate shortens the optical distance 


from the lens by one-third the thickness of the plate; the board has to be moved 


that much farther away. Originals of other sizes are pinned to the board, the glass 


and bolts being removed. 
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Through the centre of the board two lines are drawn at right angles, approxi- 
mately horizontal and vertical. Likewise the two middle lines, in the direction of 
the width and in the direction of the height, of the original to be reproduced, are 
indicated by short lines drawn on the border of the original. The latter is in correct 
position when its middle lines coincide with the lines of the board. 

At the centre of the board is a hole through which a microscope or the telescope 


of an optical square can be inserted for adjusting the camera; it is closed by a plug 
when not in use. 


4, The Lens Carriage. 


The lens carriage slides on two pairs of steel shoes far enough apart to prevent 
wabbling; the motion is given by a rack and pinion through angle gear and a crank 
at the side of the carriage. 

The lens board fits in a rebate at the bottom of a deep hood, the object of which 
is to keep stray light off the interior of the camera. 

The bellows fit in another rebate at the back of the hood, where they are held by 
two turnbuttons. <A lens of 33-7 inches focus is used for most of the work; for great 
reductions and for the reverse camera, a lens of shorter focus is employed. 

The graduations for setting the carriages in position are on an enamelled hard- 
wood rod, 1x3 inches, attached to the middle of the cradle, the pointers being 
fastened to the carriages. The lens carriage has two pointers, one for the direct 
camera and one for the reverse camera. Both pointers are adjustable, and can be 
clamped by screws when in correct position. 


5. The Plate Carriage. 


Sections of bellows of convenient size can be fitted up between the two carriages, 
providing camera extensions from 10 inches to 11 feet. They are fastened to each 
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Fic. 4—-K'rame of Plate Carriage. 


other by hooks and are supported by chains hanging from runners under the cradle. 
The plate carriage, like the other one, has twe pairs of steel runners; they slide 
99393—2 
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upon the outside V rails, the motion being given through a rack and pinion and 
‘angle gear by a large hand wheel. 

The plate carriage consists of a rectangular frame, A B C D (Fig. 4), inside of 
which is another frame, # #' G H, to which the plate-holder is attached. The inner 
frame is connected to the outer one by three trunnions, W/, N and P. Each trunnion 
is on a steel plate which slides forwards and backwards in a steel groove by means of 
an adjusting screw. By turning the screw at P, the inner frame revolves around 
M N as an axis. By turning the screws at Jf and N in opposite directions, the inner 
frame revolves around the vertical through P as an axis. For moving the inner 
frame bodily forwards or backwards, parallel to itself, the three screws are turned in 
the same direction. 

The four plate-holders are 24” x 32/7, 20”~x 24”, 16”x18” and 10”x 19”, respec- 
tively; they can all te attached to the inner frame in accurate register. The larger 


one, which is somewhat heavy, is moved about on a truck, with rubber tire wheels 


Fic. 5--Piate-holder Truck. 


(Fie. 5), to which it is fastened by two turnbuttons and from which it is removed 
only for attaching to the camera. It remains on the truck in the dark room. When 
brought close to the plate carriage, a lift of a few inches brings it to its place on the 
camera. 

The smaller holders are more easily handled; the operator always gives the pre- 
ference to the smallest holder that will take in his plate. 

Plates up to 20” x 24” are sensitized in a glass bath enclosed in a wooden 
ease a little more than twice the height of the bath and inclined about ten degrees to 
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the vertical. The upper half of the case is closed by a sliding panel supported by a 
counterweight so adjusted that the panel stays either open or closed. Another 
counterweight heavier than the 20” x 94” plates, supports by means of a rope 
and pulley the dipper upon which the plate is placed for sensitizing. After coating 
the plate with collodion and putting it on the dipper, the panel is closed and the 
counterweight of the dipper is slowly lifted by hand from the lower shelf upon which 
it was resting, allowing the plate to descend into the bath, and is deposited upon an 
upper shelf when the plate is completely immersed. The plate is left four minutes 
in the bath and then the counterweight is taken from the upper shelf and slowly 
brought down to the lower shelf, withdrawing the plate from the solution and leaving 
the bottom of the plate upon the edge of the glass bath. The plate is allowed to driv 
for one or two minutes, the panel is opened and the plate transferred to the plate- 
holder. Up to the transfer of the plate to the plate-holder, the whole operation is 
performed in full daylight. 


6. Reverse Camera. 


The reverse camera, 18% x 20”, is used with the smaller lens; the exten- 
sion is 24 inches. The front is fixed, focussing being effected by moving the back by 
means of a double rack, pinion and crank. <A graduated brass scale on the bed indi- 
eates the reduction. 

The silvered glass reversing mirror fits snugly into the groove of a rectangular 
board connected to the mirror box by four adjusting screws, A, B, C and D (Fig. 6). 
By turning the screws A and B in opposite directions, the mirror revolves around a 


vertical axis through its centre. Likewise by turning the screws C and PD in opposite 
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Fic. 6—Mirror Box. 


directions, the mirror revolves around the horizontal line in its plane through its 
centre, 

The equipment comprises two mirrors, one being in use while the other one is 
out for silvering. With proper care and provided it is slightly warmed before any 
attempt is made to polish it, the silvering is good for six months or more. Inci- 
dentally it may be mentioned that an optically plane mirror is an expensive article; 
many of those found in the trade are imperfect and spoil the definition of a good 
lens. 

A feature of this style of copying camera is its adaptability to large sizes. <A 
large plate holder, a few extra lengths of large bellows and a larger lens are all that 
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is needed. So far as the camera is concerned, the large plates are handled without 
any more trouble than the smaller ones. The size of the plate here has been limited 
to 24” x 32/7, merely because there is no occasion to use a larger plate. 


7. Setting the Camera. 


Two methods are available for setting a copying camera. By the first method 
the camera is adjusted at each operation so as to yield an image of a definite size and 
shape, which may or may not be an accurate reduction of the original. By the 
second method, the camera is adjusted once for all beforehand so as to yield in all 
cases an accurate reduction or enlargement of the original. 

The first method is in general use and has some advantages. Let it be assumed, 
for instance, that a map has to be reduced to a rectangle 24” x 30”. The 
operator rules on the ground glass a rectangle of that size, and endeavours in the 
usual manner to obtain an image filling approximately the rectangle so drawn. The 
next step is to bring one side of the image in coincidence with the corresponding 
side of the rectangle; this is done either by turning the board around an axis per- 
pendicular to its face and by shifting it right or left and up or down, or by like 
motions of the camera. It is now found that the other sides of the rectangle do not 
fit, the shape of the image being an irregular quadrilateral; it has to be brought to 
correct shape by changing the inclination of the board to the axis of the camera. 
Every time an adjustment is made, it disturbs the preceding ones, which have all to 
be gone over again. To one without experience, the process is exceedingly tedious; 
like everything else, however, it is made easier by long practice, and some operators 
become in time very skilful. The main advantage of the method lies in the fact that, 
in some cases, it 1s possible to restore to correct proportions a drawing which has 
become distorted. Some kinds of paper, and especially tracing cloth, are affected by 
atmospheric conditions, and distortion occasionally becomes appreciable. 

The advantage of the second method hes in its rapidity. The operator pins the 
original to the board, sets the two carriages by the scale to the reduction or enlarge- 
ment marked on the job slip and exposes the plate. There is no focussing or twisting 
of the camera or board; in fact, no ground glass is used. This method was adopted 
by the office of the Surveyor General because the number of land survey plans to be 
reproduced is very great, and because the angles and lengths being marked in figures 
on the plans, scaling is unnecessary and a shght distortion would be immaterial. 
Moreover in an original properly cared for, distortion is seldom appreciable, and the 
most frequent case of distortion, that which is due to unequal expansion in the 
direction of and across the web of the paper, cannot be corrected by the adjustment 
of the camera. 


8. Focussing. 


Focussing is done with Carl Zeiss microscope (Fig. 7). This microscope, which 
has a power of 28 diameters, slides in an outer split sleeve terminated by a square 
pase which can be applied against a glass plate. The coarse adjustment is effected 
by sliding the microscope in the outer sleeve till a distinct image is seen, and fasten- 
ing it in that position by turning the milled screw ring at the top of the outer sleeve. 
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The fine adjustment is effected by screwing the body of the microscope in or out of 
an inner split sleeve, the second clamping ring (shown on the left of the 10 mm. 
division of the seale) having been released. The displacement of the microscope 1: 
read on the millimetre scale, the tenths of a millimetre being indicated by marks on 
the circumference of the inner sleeve and the hundredths easily estimated. 
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Kie. 7—Focussing Microscope. 


For focussing the camera, a large piece of clear plate glass, perfectly plane, is 
selected, and a cross of two very fine lines is engraved in the centre with a diamond. 
The plate is inserted in the plate holder, engraved face towards the board, after 
removing the curtain and back of the holder. The base of the microscope is now 
applhed against the back of the plate, it is set upon the engraved cross and the milli- 
metre scale is read. The microscope is put against the plate again and is set this 
time upon the image of the original pinned to the board. The millimetre scale is 
read a second time. The difference of the two readings is the distance between the 
face of the glass plate and the plane of the image. 

For instance, readings of 9-6 mm. on the engraved cross and 8-3 mm. on the 
image indicate that the image is 1-3 mm. in front of the plate, or in other words, 
that the plate carriage has to be moved 1-3 mm. forward in order to be in exact 
focus. Readings of 9-6 mm. on the engraved cross and 12-6 mm. on the image indi- 
cate that the image is 3 mm. behind the face of the glass and that the plate carriage 


must be moved 3 mm. backward. 


9. Definitions. 


The axis of the camera is a line through the optical centre of the lens parallel to 
the direction of motion, that is to say parallel to the rails. It must coincide with the 
optical axis of the lens; the flange of the latter must be so affixed to the camera that 
this condition is approximately fulfilled, otherwise the definition is impaired away 
from the centre of the plate. 

The centre of the beard is the point where the axis of the camera strikes the face 
of the board; it may be some di:tance from the geometrical centre. 

The centre of the plate is the point where the axis of the camera strikes the face 
of the plate. 

The image of the centre of the board always falls upon the same point of the 
plate (the centre of the plate). These two points are the only ones endowed with 


this reciprocal relation. 
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The reduction, n, is the proportion of the lines of the original to the correspond- 
ing lines of the image. 
The enlargement, also designated ty n, is the proportion of the lines of the image 
g 3 ] 


to the corresponding lines of the original. 

According to these definitions, a reduction of 3-00 means that the linear dimen- 
sions of the original are three times the dimensions of the image. An enlargement 
of 3-00 means that the linear dimensions of the image are three times the dimen- 
sions of the original. Reductions and enlargements are never less than unity. 


10. Geometry of the Copying Camera. 


Relations between conjugate foci.—Let A, Fig. 8, be the lens in position for 
H| g 3 5 5) 
reducing, wu and v being the distances to the board and to the plate respectively. The 


reduction is :— 


Uw 
n= — 
4b) 
The values of wand v are:— 
w= (lt n)f (1) 
= ( oily) (2) 
nN, 


f being the foeal length of the lens. 


Board 
Ebaie 


Fig. & 


Moving the lens to B for enlarging, the relations become :— 


, 


i= 
! 


uw 
, 1 
(ie etl ieel es ii (3) 
n : 
o=(1 +n) fF (+) 
The various distances are accordingly as follows :— 
For reducing. For enlarging. 
Board to Lens (1 + n)? (1 + ~) ji 
n 


Lens to Plate € + oe (1 + n)f 
n. 


Board to Plate* (24m soi (6) 
n we 


** Board to Lens’ is in reality the distance to the first nodal point; ‘ Lens to Plate’ 
is from the second nodal point. For ‘ Board to Plate’, it would be necessary to add the 
distance between the nodal points, but this distance being eliminated in the application 
of these values made here, reference to the nodal points has, for the sake of simplicity, 


been omitted. 
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Differential motions.—lIf, the lens being at A, Fig. 9, for reducing the board is 


du u | v dw 


Hie. 9), 


slightly displaced from C to C’, the image which at first formed in O will now be in O’. 
The relation between the displacement of the board, du, and of the plate, dv, obtained 
by differentiating (1) and (2), is:— 
du= —n’ dv (6) 
For an enlargement the relation is inverted :— 
dv’ ie 
i 


du! = — & (7) 


Thus for a reduction of 3-00, the displacement of the plate is one-ninth of the 
displacement of the board, while for an enlargement of 3-00, the displacement of the 
plate is nine times the displacement of the board. 

Changes of scale—When a map on a scale of a miles to one inch is reduced n, 
the scale of the copy is na miles to one inch. To reduce a map on a scale of a miles 


, : b 
to one inch to b miles to one inch, the reduction must be —. Likewise, when a map 
a 


on a decimal scale — is reduced n, the scale of the copy is —. To reduce a map on 
a na 


z 


; 1 1 : 
a decimal scale — to the seale 5 the reduction must be —. 
a a 


An en'argement n of a map on a scale of a miles to one inch produces a copy on 


a : ; 
a scale of — miles to one inch. To enlarge the map from the scale of a miles to one 
n 


: a 
inch to the scale of b miles to one inch, the enlargement must be — . 


b 


: ita : 
Likewise, when a map on a decimal scale — is enlarged n, the copy is on the 
a 


n i] 
scale —. To enlarge the map from the scale — to the scale 3° the enlargement must 
a a 


a 
bo 
(6) 


When a map on a scale of a miles to one inch is reduced n’ and the copy is sub- 
i 


sequently enlarged n”, the final scale is —— miles to one inch. A map on a scale 
) 


of a miles to one inch will be changed to a scale of b miles to one inch by reducing 
it n’ and enlarging the copy n” provided: 
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When the copy desired is larger than the plate it is proposed to work with, the 
ehange of scale may be made in two different ways. A number of negatives sufli- 
cient to cover the whole map can be made on the desired scale; these are printed by 
contact and the prints are joined together to form the copy. The other way is to 
make a reduced negative of the whole map, to put the negative in the enlarging 
camera and to enlarge it to the requisite scale on a single piece of bromide paper. The 
first method gives a sharper result; the second method saves work and has the advan- 
tage of producing a copy on a single sheet of paper. 

As an illustration, suppose a map 42” x 54” on a scale of 10 miles to 
one inch has to be reduced to 12 miles to one inch and the plate it is proposed to 
employ is 10” x 12’. The reduction is: 


The reduced map will te 35” x 45”. Setting the copying camera at a reduc- 
tion of 1-20, it takes fifteen or sixteen negatives 10” x 12” to cover the map. The 
negatives are printed by contact and the fifteen or sixteen pieces are joined together 
to make the finished copy. 

Sharpness of the lines may not be essential, or it may be desired to save work or to 
have the finished copy in one piece. Should this be the case, one negative of the whole 


map is made to be enlarged subsequently. The ratio of the short sides of the map 
Pee : : : 54 
and plate is ake 4.20, the ratio of the long sides DB or 4-50; therefore the reduc- 


am 
tion 0” must be at least 4-50 for covering the whole map with one negative. Make 
the negative with n’ = 5-00 so as to leave a little margin on the plate. An enlarge- 
ment 2” has now to be made from this negative. The relation quoted above between 


I 


n’, nv” and the scales gives: 


In this case: 


n’ =5.00 x oie 4-167 


vay 


Therefore the map has first to te reduced 5-00 and then enlarged 4-167. 


11. Adjustments of the Camera. 


A good anastigmat, if used at a moderate angle, gives an image practically free 
from distortion, provided the board and plate are parallel and the optical axis of the 
lens is perpendicular to both. The last condition is sufficiently well fulfilled in a 
camera carefully constructed but it will not be amiss to check it. The first condi- 
tion must be accurately fulfilled, means of adjustment being provided for that 
purpose. 

Before proceeding with the adjustment, it is necessary to check, and to correct 
if needed, some of the details of construction. 

The rails must be perfectly straight and parallel. This is checked by stretching 
a thread from one end of each rail to the other end, first with the cradle lying flat 
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down and next with the cradle lying on its side. Parallelism is checked by measur- 
ing the spacing of the rails. 

The board must be perfectly flat. This is checked with a steel straight edge 
applied on edge against the face of the board at different places and in different 
directions. The board is straightened by means of the screws at the back until 
perfectly straight in all directions. 

The plates in all the plate holders must register alike. For checking this, the 
largest holder with the selected glass plate is attached to the camera and the bellows 
are removed. Two wooden rods with straight edges are clamped to the frame of the 
plate carriage in front of the plate holder, one of the rods being opposite the top of 
the plate, the other rod opposite the bottom. Each rod is adjusted so as to be parallel 
to the plate, the space between the plate and the edge of the rods being carefully 
measured. Another plate-holder with a selected glass plate is now substituted, and 
the space between the edge of the rods and the four corners of the plate measured. 
The plate-holder or its fittings must be altered until this space is exactly the same as 
for the large plate-holder. The other plate-holders are successively fitted in accurate 


register by the same process. 


12. The Centre of the Board. 


The first adjustment of the camera is to find the centre of the board. 

Shift the plate carriage to the end of the cradle as far as it will go, attach the 
plate-holder after inserting the engraved glass plate and removing the curtain and 
back. Pin to the board, approximately in the centre, the millimetre seale shown in 


Fig. 10. The lens carriage is now shifted and brought by means of the focussing 


clfuustldu dita 
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lic. 10—Milhmetre scale. 


microscope to focus the image of the millimetre scale upon the face of the plate. 
This image will fall upon the cross engraved on the plate if the points selected as 
centres of the board and plate are not too far out. The vertical line of the plate will 
lie across the horizontal arm of the scale, and the horizontal line of the plate will he 
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across the vertical arm of the scale. The readings of the scale at the two crossings 
are noted. 
The lens carriage is then shifted towards the board till the image is in focus 


again, and the readings. of the scale are noted as before. 


Ife, JL. 


Let Fig. 11 represent a vertical section through the axis OC of the camera, HF 
being the board, OP the plate, A and B the first and second positions of the lens, P 
the horizontal line of the engraved cross, N and M the two divisions of the millimetre 
scale whose image falls upon P, and a and b the corresponding readings of the scale. 

Jt will be noted that in this case u = v’ and v = wu’: that is to say, the reduction 


and enlargement are equal: 


In enlarging, PO is the image of NC; hence: 
POT G 
Combining the two equations: 


wv x NC = MC 


and: 
NC = MN 
ee | 
But: 
MN = b — a 
and: 
NGS 
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The reading of the scale where it is intersected by the horizontal line passing 
through the centre of the board is accordingly: 


b-a 


(One 


(ie 


Through this division of the seale, a horizontal line is drawn on the board. 

The same procedure is followed for the horizontal branch of the millimetre scale 
and a vertical drawn through the proper division of the scale. The intersection of 
the horizontal and vertical lines so drawn is the centre of the board. 

Through the centre of the board two lines at right angles, approximately hori- 
zontal and vertical, are drawn right across the board. Their images must be as 
nearly as possible parallel to the sides of the plate. 


The extension of the reverse camera being comparatively short, the limit of n 
pada 3 “ ae ; 
for enlarging is small. With small values of n, the term Para ae the expression 
n — 


for the reading of the scale becomes inaccurate. Instead of setting the reverse 
camera at equal reduction and enlargement, it is preferable to set it first at the 
greatest reduction, n, and then at the greatest enlargement, n’, the extension admits 
of. Keeping the same notation as before, it is easily found that the reading of the 
scale for the centre of the board is: 


bea 


Dee 
mn — 1 


13. The Centre of the Plate. 


The centre of the plate is the point upon which falls the image of the centre of 
the board. If the camera has been accurately constructed, this point is very 
close to the cross engraved on the plate. For convenience in registering lithographic 
transfers, it is necessary that the optical and geometrical centres of the plate should 
nearly coincide; the discrepancy, if any, must be removed by altering the plate- 
holder or its fittings. For the same reason, the images of the two lines drawn across 
the board must be parallel to the sides of the plate; care is taken to fulfil this condi- 
tion in drawing the lines. 


14. Adjustment of the Board and Plate-holder Frame. 


The board and plate must both be accurately perpendicular to the axis of the 
camera. 

The adjustment is effected by means of the optical square shown in Fig. 12. It 
consists of a telescope attached to two brass plates between which wooden arms are 
bolted. At the end of each arm is a small adjusting screw. The diaphragm of the 
telescope bears two threads at right angles, one of them being parallel to the wooden 
arms. Several pairs of wooden arms of different lengths are provided; the pair used 
for the board has the adjusting screws at the back instead of in front. The normal 
plane of the optical square is indicated .by lines drawn on the:two brass plates and 
by notches on the cell of the objective. 
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For adjusting ‘the optical square, the plate carriage is moved to the extreme end 
of the cradle, the lens and front board are removed from the lens carriage and the 
millimetre scale shown in Fig. 10 is pinned to the centre of the board. 


Kia. 12—Optical Square. 


Let AB, Fig. 18, be the plate, DH the board, O the centre of the plate, C the 
centre of the board. Having focussed the telescope, apply the optical square against 
the plate, arms horizontal, serews G and /H resting against the glass and the notch 
of the objective cell on the vertical line O of the central engraved cross. The line 
is too fine to be seen with the naked eye and must be indicated by a small piece of 


Fie. 13—Adjustment of the Optical Square 


paper pasted to the glass. Looking through the telescope, the vertical thread is seen 
to cross the horizontal arm of the scale and the reading, a, is noted. The optical 
square is now reversed end for end. If the same reading, a, of the scale is obtained, 
the optical square is in adjustment. If not, the second reading, b, is noted, and one 
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of the screws G or H at the end of the wooden arms is screwed or unscrewed until 


the reading on the scale becomes: 
a+b 
oD 


hel 


The adjustment of the plate-holder frame is now proceeded with. Applying the 


optical square against the plate AB, Fig. 14, arms horizontal, in the same position 
as before, the screws S and 7’, which command the slides of the trunnions, are turned 
In opposite directions till the vertical thread of the telescope is seen to pass through 


the centre C of the board. 


S 


Fic. 14—Adjustment of the Plate-holder Frame. 


The optical square is next fixed against the plate, wooden arms vertical, the 
noteh of the objective cell being held on the horizontal line of the engraved cross. 


tft 
O 


Fie. 15—Adjustment of the Board. 


The bottom slide is screwed in or out until the horizontal thread of the telescope is 


seen to pass through the centre of the board. 
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The board is adjusted by the same method. The millimetre scale is stuck to the 
centre of the plate at O, Fig. 15, the plug in the centre of the board, C, is removed 
and the telescope of the optical square is inserted through the opening, arms horizon- 
tal, the line of the normal plane drawn on the instrument being brought in coine:dence 
with the vertical line of the board. The optical square is adjusted in the manner 
already described by screwing in or out one of the screws, G or H. With the arms 
of the optical square horizontal, the board is revolved by turning in opposite direc- 
tions its adjusting screws on the right and on the left until the vertical thread of 
the telescope is on the centre of the plate. With arms vertical, the board is revolved 
by turning in opposite directions its top and bottom adjusting screws, until the 
horizontal thread of the telescope is on the centre of the plate. Care must be taken 
to turn the screws evenly, otherwise the face of the board would be bent. 


15. Graduations. 


There is a double graduation for each lens, one side being for setting the lens 
carriage, and the other side for the plate carriage. 

The graduation is calculated as follows: Let DH, Fig. 16, be the board, F'G the 
plate at the far end of the cradle, CO the axis of the camera, A and B the two posi- 
tions of the lens for which the image is in focus on the plate, CB being equal to AO. 
The focal length found by subtracting (2) from (1) is: 


AB 
(ers (8) 
nN — —_ 
n 
WG) 
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G 
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AB is the displacement of the lens carriage. It is measured on the rod attached 
under the cradle, the two positions being marked upon it. For focussing, the micro- 
scope 1s set on the plate at O, the tube is turned until the cross lines engraved on the 
plate are in focus and the reading of the microscope scale is noted. By repeating 
the operation several times the focus is accurately ascertained. Replacing the 
microscope on the plate, the tube is turned till the image of the board is perfectly 
sharp and distinct and the reading of the microscope scale is noted. This also is 
repeated several times. The difference of the two readings is approximately the 
distance the lens carriage has to be moved to bring the image of the board on the 
face of the plate. After moving the lens carriage, the focussing is repeated until an 


exact focus is obtained. 


GRADUATIONS. 23 


The reduction, n, is found by measuring DH and FG. 

Through the centre of the plate, O, Fig. 17, draw a parallel MN to the long sides 
of the plate; at equal distances from the centre and near the edge, erect perpendicu- 
lars in M and N. The crosses at the two ends of this line must be drawn with a 
diamond on the plate. In drawing these lines as well as the cross at the centre, the 
diamond must be held at the proper angle and a very light pressure exerted, hardly 
more than the weight of the diamond, otherwise the lines will be ragged and accurate 
measurements impossible. Rubbing a pencil across the lines helps to make them 
visible. 

Upon the board, two points, A and B, are marked on the horizontal line at equal 
distances from the centre, C, and such that their images will fall very nearly upon 
the points M and N of the plate. At these points erect perpendiculars to the hori- 
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Plate 


Fie. 17. 


zontal line and upon the crosses so formed pin two of the millimetre scales shown 
in Fig. 10. Measure carefully the di_tances p between M and N, and P between 
A and B. Looking now at the plate the vertical line N will be seen to cross the 
horizontal arm of the seale A, and the vertical at M the horizontal scale B. Let a 


and b be the readings of the two scales; then the reduction is: 
P+b-a 
ie ee a 
P 


This value of n used in (8) gives the focal length. 

It is somewhat difficult to focus accurately an enlarged image; it is, therefore, 
peeferable to determine the position of the lens carriage at B, Fig. 15, by focussing 
from the board side. This is done by inserting the microscope through the centre 
hole of the board and resting the base against the face of the board. The reading of 
the microscope scale for the face of the board is ascertained by focussing a scratch 
on the back of a glass plate and adding the thickness of the base of the microscope. 

The graduation for the plate carriage is obtained by calculating the distance 
board to plate for the various degrees of reduction or enlargement; this distance, 


(24m & \s 
Vb 


For the lens carriage, the distance board to lens for a reduction is given by (1) 


given by (5), is: 


(l+nx) f 
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For an enlargement, it is given by (8) as: 


a 
nT 
] ite 


A table of the values of 247+ = and 1+ = is given in Part) 111; itis unneces 
n n 


sary to give a table of 1 + n, as it would merely be one of consecutive numbers. 

The numbers of these tables have to be multiplied by f; this is quickly done 
with an arithmometer. 

For drawing the graduation on the rod, the two reference marks at A and B, 
Fig. 16, are used as starting-points. The divisions are marked for every 0-01 of n; 
they are located by dividing into equal parts the spaces between the values of the 
table. The figures for the lens carriage are made black and those for the plate 
carriage red. 

Instead of the above graduations, a single scale of equal parts, a mullimetre 
scale for instance, might be attached to the rod and the setting of the carriages done 
by means of the calculated tables. This would save drawing the graduation, the 
setting would be somewhat more accurate and it woulda have other advantages. 


16. Readjusting the Focus. 


The board, the plate holder frame, the graduation or the pointers may, for some 
reason or other, become displaced. Should this happen, the image of the board will 
no longer form on the face of the plate when the lens and plate carriage are set on 
corresponding divisions of the graduation. In order to ascertain how much the 
board and plate-holder frame have to be moved to bring them back to correct posi- 
tion, the camera is set for a reduction of n, the lens carriage being at A, Fig. 18, the 
plate at O and the board at C. Let F’ be the position of the image of the board: with 


Fig. 18. 


the focussing microscope measure the interval OF —a between the plate and the 
image. Next move the lens carriage to B for an enlargement of n, and with the 
focussing microscope measure the interval CH = b between the board and the image 
EH of the plate. Let D and G be the correct positions of the board and plate respec- 
tively, y and x being the changes required to bring them to their correct places. In 
other words, if the board be moved from ( to D, its image will move from F to G; 
and if the plate be moved from O to G, its image will move froom H to D. But the 
relation between these displacements is given by (6). It is: 

CD=n?x IG 

OG=1 x DE 
or: 

y=n (4-27) 


c=n? (b—y) 
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The values of y and x derived from these equations are: 
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The tests are made for several values of n, the mean y and a being applied as 
corrections with the adjusting screws of the board and plate-holder frame. ‘The cor- 
rection can also be made by changing the position of the pointers, the lens carriage 
pointer being moved over an interval equal to y and the plate carriage pointer x + y. 

It will be observed that the formula breaks down for n — 1, when the lens 1s 
midway between the plate and the board. The reason is because the lens, when near 
that position, can be moved forward or backward a small distance without changing 
the focus. It follows that the tests are best made with high values of n. 

The factor 


n ———— nv ——— 
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Another method of readjusting a camera which has become disarranged is to 
focus it accurately and to measure the reduction as has already been explained. The 
pointers of the lens and plate carriages can then be moved to the divisions of the 
graduation representing the reduction found. This method is not as good as the 
other one. 


17. Adjustment and Graduation of the Reverse Camera. 


A new centre of the board has to be determined for the reverse camera; it may 
not be the same as for the direct camera. The determination is made in the manner 
already described for the direct camera. 

The board being normal to the axis of the camera, requires no further adjust- 


ment. What remains to be done is to adjust the plate holder, or rather the mirror, 
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to set and clamp at the right place the reverse camera pointer of the lens carriage 
and to draw the graduation on the bed of the reverse camera. 

The axis ofthe camera is reflected at right angles,:or thereabouts, by the mirror; 
the condition that there shall be no distortion of the image requires that the plate 
be accurately perpendicular to the reflected axis. Evidently the adjustment could be 
made with the optical square by swinging the frame to which the plate-holder is 
attached, precisely as was done with the direct camera. It is preferable, however, 
instead of moving the plate-holder frame, to swing the mirror until the reflected axis 
is normal to the plate. Preference is given to the adjustment of the mirror because, 
being put in and taken out frequently, its position is lable to be disturbed, and 
because its readjustment, once its correct position has been determined, is very simple 
and quickly made. 

The reflected axis must also be paralle', approximately at least, to the direction 
of motion of the plate, otherwise the centre of the plate will cease to be invariable 
and will change with the reduction or enlargement. Should the discrepaney be so 
large as to become troublesome, the fittings of the plate holder would have to be 
altered so as to make the plate normal to the direction of motion. 

The first adjustment of the mirror can be made as follows :— 

Draw a square on the plate, leaving a margin of an inch or two on the four 
sides; mark the four corners with a diamond, draw a corresponding square on the 
board so that its image shall coincide as nearly as possible with the square drawn on 
the plate. Unless the mirror is in adjustment, the image is not a square; the adjust- 
ment is effected by turning the mirror till the opposite sides of the image become 
equal. 

Let A BC D, Fig. 19, be the square drawn on the plate and HF. GH the image. 
The distortion of the sides #G and #' H can be measured by pinning continuous 
scales of equal parts to the board along HG and #' H and counting the number of 
divisions intercepted on each scale between the lines A B and C D of the plate. The 


ends of the scales only being used, it is suthicient to measure on the board the length 
of the side of the square in millimetres and to pin at each of the four corners one of 
the millimetre scales shown in Fig. 10. The number of divisions that would. be 
intercepted if the scales were continuous is readily figured out from the readings of 
the millimetre scales. The following is the rule for rotating the mirror :— 
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If the number of divisions intercepted is greater at the bottom of the plate than 
at the top, revolve the mirror around its horizontal axis so as to bring the top of the 
mirror nearer to the plate. 

If the number of divisions intercepted is greater on the left of the plate than on 
the right, turn the mirror clockwise, looking from atove, around its vertical axis. 

The rule may be put in another form :— 

Turn the mirror so as to decrease the distance between the side of the plate 
intercepting the smaller number of divisions and the corresponding side of the 
mirror. 

After the mirror has once been adjusted, the centre of the plate, that is to say 
the image of the centre of the board, is marked on the framed glass plate. Whenever 
it is necessary to adjust the mirror again, for instance when it is changed, it is 
sufficient to turn it so as to bring into coincidence the image of the centre of the 
board and the mark for the centre of the plate, without resorting again to the process 
of adjustment deseribed above. 

The examination of the image near the corners of the plate is difficult, especially 
when the lens is working at a large angle, as it should be in order that the adjust- 
ment may be accurate. The difficulty may be overcome by making a negative and 
measuring the sides of the quadrilateral upon the negative. 

Let Fig. 20 represent a horizontal section through the axis of the camera, DE 
being the board, AB the plate, G the image of the centre, C of the board, D and EF 


W) 


Fic. 20—Adjustment of the Mirror. 


the sides of the square on the board, A and #B the sides of the quadrilateral image, 
W the angle subtended at the lens by half of the square, L the length in millimetres 
of the left side of the quadrilateral at A, and R the length of the right side at B. As 
represented by the figure, L is greater than R; to make them equal, the mirror must 
be turned, so as to bring the image of the centre from G to O, the line MO being 
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perpendicular to the plane of the plate. If a millimetre scale is pinned at C, the 


number of divisions d of the image corresponding to GO is: 
Hen@be ie [a ii 
Je 


in which P is the side of the square on the board in millimetres.* The lengths Z 
and R are measured on the negative. The image of the centre must be displaced 
towards the smaller side of the quadrilateral image. 

Likewise, the image of the centre is moved towards the top or bottom according 
as the top or bottom side of the quadrilateral is smaller, the displacement being 
calculated by the same formula. In both cases the displacement is readily ascer- 
tained by means of the cross lines engraved near the centre of the plate. 

Incidentally, it may be observed that the image of a square original whose 
opposite sides have become unequal through the stretching of the paper can be 
restored to correct proportions by the adjustment of the mirror calculated by the 
above formula, the lengths L and #& being equal to the corresponding lengths of the 
original divided by n. The formula for rectangular originals could, if required, be 
easily calculated. Distortion can also be corrected by a like process in the direct 
camera. The need of such corrections has, however, not been felt here. 

For graduating, the camera is set for a reduction such that the width of the 
board covers the full width of the plate; the reduction is measured by the process 
described for the direct camera. Having ascertained this reduction, the lens carriage 
pointer of the reverse camera is moved to the proper division of the graduation and 
firmly clamped in position. A mark is made on the bed of the reverse camera 
opposite the pointer, and the graduation is drawn from this mark by means of the 


table of the values of 
€ ao =) ie 
n 


which has already been caleulated for the direct camera. 


* Representing the angle GMO by w, the figure gives : 
MA x cos(W + w) = MO 
LM A asin, 
Multiplying by cos (W + w): 
Lcos(W + w) = 2 MO x sin W 


The angle w being small, its cosine can be taken as unity : 
Locos W=2MO0O x sin W + Lsin W sin w 


The right hand side of the figure gives in the same manner : 
Roos W =2 MO x sin W — Rsin W sin w 


Subtracting the last equation from the preceding one, and reducing : 


sin w= Leh ee etd i) 
 2P tan W 
( 1 as) f 
GO =sinw x MO=n(L--R = 
sin w n ( ) oP tan W 
But d, the number of divisions of the image of the millimetre scale corresponding to GO, is GO x m, and : 
= Pp 
tn We 
2(1 + n) f 


Substituting these values : 


etic ap [ Ser] 
P 


ADJUSTMENT AND GRADUATION OF THE REVERSE CAMERA 29 


It has been assumed at the start that the mirror was at the right place on the axis 
of the camera. This condition may not be accurately fulfilled. 

Let Fig. 20@ repres nt a section through the axis CP of the camera and the geo- 
metrical centre, O, of the glass plate marked by an engraved cross. The camera being 
set for an enlargement 7’, the mirror WM is turned so as to reflect the image of the 
optical centre of the board, C, upon the geometrical centre of the plate O. Moving 
the lens carriage to NQ for a reduction n, it will usually be found that the point of 
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Fic. 20a.—Position of Mirror on the Axis. 


the board whose image is reflected upon the central cross of the plate is no longer the 
centre of the board (, but a point A, a millimetres away from the centre. In order 
that the image of the centre C may always coincide with the central cross of the plate, 
the mirror must be moved from M to L, OL being the line followed by the central 
cross O when the plate is racked backwards and forwards. The perpendicular distance, 
b, between the two positions M and ZL of the mirror is: 


b= ies x D+n 
J/2 nn —l 


a is read on the millimetre scale glued to the plug in the centre of the board.* 


* Let QP be the direction of translation of the plate parallel to OL, PN being equal to 
LM. Designate the angles LOM, PQN and CNA by o, q, and r respectively. The angles being 
small, their values are approximately :— 
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In the latest pattern of this copying camera, provision is made for this adjust- 
ment. Fig. 20b is a section of the mirror box. The mirror slides into the groove 
AB, being pressed forward at the bottom by the brass springs A and B, and at the 
top by a spring in the centre, so as to be held by three points only and so to be free 
from strains. Opposite the point where the optical axis strikes the mirror is a screw 
O screwing through a brass plate 7G fastened to the mirror box. The rounded head 
of the screw bears against a bra:s plate LA fastened to the mirror slide. When it 1s 
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desired to move-the mirror slide forward, the screws # and F and the two other adjust- 
ing screws must first be loosened and then the screw C is turned to the right. If the 
slide has to be moved in the opposite direction, the screw C is turned to the left and 
the four adjusting serews are screwed in so as to bring the mirror slide and plate LK 
in contact with the top of the screw C. The number of turns and fraction of a turn 
necessary for the displacement b of the mirror is calculated from the known value of 
the screw thread. 

The board has previously been made perpendicular to the axis when making the 
adjustments of the direct camera. For finding the centre of the board for the reverse 
camera, the lens carriage is brought as close to the board as it will go and a set square 
applied against the board and opposite sides of the lens tube. The point so ascer- 
tained is quite accurate enough for practical purposes. 


The values of CN, QN and OM, derived from (1), (2) and (4), are: 
CN =(l-en). 


Vag 
aw (1), 
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OM =(1+n’)f 


Substituting these values in the preceding equation and reducing: 
ay ec ee 
nn'—1 
The mirror being inclined at 45° to the axis the perpendicular distance b between the 
two positions M and L is equal to LM divided by the square root of two, or: 


a 
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PART II.—THE ILLUMINATION OF THE BOARD. 


18. Lights and Reflexions. 


Electric light is so much more convenient than daylight for copying that there 
can be no hesitation in selecting between the two. Two kinds of light are available, 
viz., the mercury tube and the are lamp. The latter is in use here. 

In disposing the lights, care must be taken to secure even illumination and to 
avoid reflexions. Photographs on glossy paper, varnished paintings, ete., are apt to 
cause trouble unless the lights are outside the range of reflexion. It is different with 
drawings: an original on glossy tracing linen may yield a perfect negative, while 
one on dull paper photographed under identical conditions may produce a negative 
in which the lines are more or less fogged. The explanation is that the reflexions 
which cause the trouble are from the surface of the ink lines, while those from the 
blank spaces are comparatively harmless. Ordinary Indian ink dries shiny. Several 
photo-drawing inks are in the market, but they are not in favour with draughtsmen. 

The hght from an alternating current lamp is fairly uniform in all directions 
within a wide angle; this is not the case with direct current lamps, and the remarks 
which follow do not apply to them. The intensity of an are lamp fluctuates con- 
siderably: any conclusion that may be arrived at respecting the strength of the 
illumination produced must be taken as a rough approximation only. Fortunately 
moderate variations from the normal exposure do not affect the quality of the nega- 
tive. 


19. Light Intensities with One Lamp. 


The brightness of a surface, BC, Fig. 21, at various distances from a source of 


Distance 
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* Fig. 21—Dlumination of a surface by a luminous point. 


light, A, is represented by the curve AD. ‘The curve shows that the brightness is 
tolerably uniform just opposite the light but falls off rapidly as the distance increases. 
Tt follows that unless the original to be copied is small, a single are lamp has to be 
far away in order to give even illumination. Moreover, it has to be placed to one 
side for avoiding reflexions, and this is apt to show the grain of the paper. 
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20. Light Intensities with Two Lamps. 


With two lamps, conditions are improved. Fig. 22 shows the brightness at 
several points of a square illuminated by two lamps opposite A and B at a distance 
from the square equal to half of its diagonal, the brightness of one lamp at that 
distance being taken as unit. The brightness is greatest just opposite the lamps 
and somewhat less in the centre, but it falls off rapidly away from the middle line, 
being only six-tenths of the greatest brightness at the top and bottom of the square. 
The best illumination is secured by placing the longest dimension of the original to 
be copied in the direction of the line of the lamps. 
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Fig. 22--Brightness of a square illuminated by two lamps 


By increasing the distance of the lamps one-fifth, making it equal to AB x -85, 
the uniformity of the illumination, shown in Fig. 28, is somewhat better; it is 
uniform along the middle line, and nearly seven-tenths of its greatest value at the 
top and bottom of the square. This illumination is sufficient to yield a good nega- 
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Fic. 23—Brightness of a square illuminated by two lamps. 


tive of a line drawing. Still the operator might as well have all chances in his 
favour, and a better result is obtained with four lamps. 
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21. Light Intensities with Four Lamps. 


The most even illumination in this case is secured by placing the lamps at equal 
distances from the board and from the axis of the camera. 
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Fic. 24—Brightness of a square illuminated by four lamps. 


Fig. 24 shows the brightness of a square illuminated by four lamps opposite the 
corners A, B. C. D, the distance from the board being equal to 4 AB \/2. By placing 
the lamps a little closer to the board, the brightness is greater at the margin than in 
the centre, and this is as it should be for producing even illumination on the plate. 


22. Reflexions and Focal Length of the Lens for Two Lamps. 


The trouble from reflexions is not peculiar to artificial ight; it arises in day- 
light from a bright background behind the camera or from lght reflected by a 
polished camera front or by the lens mount. No good reason exists why the front of 


the camera should be polished; it is preferable to have it dull and dark. A lens pro- 
tected by a deep hood, as it should always be, cannot reflect stray light. The space 
behind the camera should vreferably be dark. 
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Are lamps must be placed far enough from the axis of the camera to be beyond 
the range of reflexion, their distance depending upon the dimensions of the original 
to be copied and the foeal length of the lens. Considering first the case of two lamps, 
let AB, Fig. 25, represent the original pinned to the board, OC the axis of the camera, 
L the lens, w the distance from the lens to the board, O the plate, P and p the widths 
of the original and plate. From A and B draw the lines AD and BD’, making the 
same angle with the board as AL, and BL. Reflexions are avoided if the lamps are 
kept outside of the lines AD and BD’. Let them be put in D and D’. From D let 
fall a perpendicular D# to the plane of the board, and denote AH by y. It has been 
shown that in order to produce tolerably uniform illumination, the distance DH from 
the lamps to the board must be about -85 x 2 HC, or: 


DE=°85 (2 y+P) 


Similar triangles give: 


DE_u 

y +P 
Combining the two equations: 

u 
2y+P_ .- Ui 9 
pe Foo 
2y + P is the separation DD’ of the two lamps. The numerical value of the 
2y+P 
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the width of the original, are given below: 


for the various values of Pp and the ang!e 2 W subtended at the lens by 


U 2y+P . 
P P 2W 
1 6.67 Doe 
2 1,74 28 
Pe Es 125.0 22 
o (48) 19 
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These figures illustrate how important it is to work with a lens of long focus. 


For: 


that is to say when the distance from the lens to the board is equal to the width of 
the original, the separation of the lamps must be 6-67 times the width of the original 
and their distance from the board 5.67 times the width. This would be impractic- 
able for originals of large dimensions. For convenience in working, the lamps should 
not be farther apart than one and a half times the width of the largest originals. 
The table shows that this requirement is fulfilled when the distance from the lens to 
the board is 2-55 times the width of the original, the angle subtended at the lens 
beinge22°. 
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The limitation of the separation of the lamps to one and a half times the width 
of the original determines the minimum focal length of the lens. Noting that: 


P=np 
u=(n+1)f 
and 
y= 4P 
Equation (9) gives: 
f= 2.55p 
n+l 


This shows that the greater the reduction, the longer the focal length must be. 
For a reduction not exceeding 1-25: 


Yel 20 


This is very nearly the diagonal of a square plate. The rule sometimes given in text 
books that the focal length must be equal to the diagonal of the plate is therefore 


correct so long as the reduction is small. For a reduction of 3-00 the focal length 
would have to be 


(ae 
which is 1-34 times the diagonal. 

The conclusion that the focal length required increases with the reduction must 
be qualified. It rests upon the assumption that the whole plate is covered by the 
image, but when the reduction reaches a certain limit, the image with originals of 
ordinary dimensions becomes too small to cover the plate and the rule ceases to apply. 

Another conclusion from (9) is that the wider the original, the farther apart 
the lamps have to be. For a rectangular original, the best position for avoiding 
reflexions is accordingly across the line of the lamps, the longest dimension being 
vertical if the lamps are to the right and left of the camera. But it has been shown 
that the most uniform illumination is secured when the longest dimension is parallel 
to the line of the lamps; this is another argument against the use of only two lamps 


for large work. 


23. Reflexions and Focal Length of the Lens for Four Lamps. 


With a four lamps outfit, D and D’, Fig. 25, may be taken to represent the pro- 
jections of the lamps. It was found that for uniform illumination: 


DE=34P\/2 
This and a consideration of the similar triangles in the figure give: 
u 
2QytP_ fF 
u 
fe ee 
P 
; . YytP : 
The numerical values of the ratio, oa , of the distance between two ail: 
joining lamps to the width of the original, and of the angle 2W subtended at the 


U 


J?) 


lens, is given below for various values of 


36 THE ILLUMINATION OF THE BOARD 


1 3.42 | 53° 
g 1.55 28 
Dae 1.50 27 
3 ikl 19 
4 ib 14 
5 1.16 I 


A comparison with the table for two lamps shows at once the superiority of the 
four lamps equipment. The lamps need not be put so far apart, and they are closer 
to the board, thus giving stronger illumination. For instance, when the distance 


ae U 5 
from the lens to the board is twice the width of the original (> — 9%), the separation 


of the two lamps of a pair (side of the square) is only 1-55 times the width of the 
original, while it is 1-74 times the width with two lamps. The four lamps are at a 
distance 1-1 P from the board against 1-5 P for two lamps. Another advantage is 
that it is sufficient to place the four lamps beyond the range of reflexion for the 
shortest dimension of the original, while the two lamps must be beyond the range for 
the greatest dimension. 

Limiting again the separation of the two lamps of a pair to one and a half times 
the width of the original, the focal length required is deduced as before: 


pa Wl (10) 
n+l 
The largest plate of the camera of the Surveyor General’s office is 24” x 
32’, The lens was selected and the lamps disposed for a reduction of 2-00. The 


original which, reduced twice, fills the plate must be 48” x 64”; no larger 
originals are handled in the office. The lamps are placed above and below the range 
of reflexion, that is to say the height of the plate, 24” is taken for p im (10). The 
formula gives: 


[p2ap) os) 


The focal length of the lens actually used is 33-7 inches (856-4 mm.); it is 
employed for enlargements and for reductions up to 2-45 when the plate carriage is 
at the extreme end of the cradle. 

For the reduction of 2.00, the original being 48 inches high, the normal disposi- 
tion of the lamps would be a square of 72 inches side (one and a half times 48 
inches), and their distance from the board seven--tenths of 72 inches or 50 inches. 
They have, however, been placed a little closer to the board and form a smaller square 
so as to give more light to the margin of the board than to the centre. According 
to the explanation given, there can be no reflexion up to a reduction of 2-00, nor can 
there be any between 2-00 and 2-45, because the image no longer fills the plate. 

Very little work requires a reduction of more than 2-45. For such work a lens 
of 18”.6 focus (472-9 mm.) is provided; its range extends from 2-45 to 6-65, in 
connection with small plates, the image being always small with such large reduc- 
tions. This small lens is also used on the reverse camera, which is for work of com- 


paratively small size. Its range there is from an enlargement of 1-20 to a reduction 
of 5-80. 
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PART III.—TABLE OF FACTORS FOR COMPUTING THE GRADUATION OF 


A COPYING CAMERA AND OF COMPARATIVE EXPOSURES. 
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FACTORS FOR COMPUTING GRADUATION OF COPYING CAMERA AND COM- 
PARATIVE EXPOSURES. 
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